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STATUS OF THE CLAIMS ; 
Claims 1-24. Canceled 

Claim 25 (new). A method of reducing pendulations of cargo hoisted by cranes 
mounted on moving platforms, comprising the steps of: 

calculating an operator-input position of a boom tip of the crane; 

determining a relative motion of the cargo suspended from a hoisting cable 
of the crane with respect to a suspension point of the hoisting cable of the crane; 

providing in-plane and out-of-plane delays and gains based on the relative 
motion of the cargo; 

calculating a correction to a motion commanded by the operator in an 
inertial frame based on the in-plane and the out-of-plane delays and gains; 

calculating reference angles for a boom of the crane based on a correction 
to the operator desired position of the boom tip and a motion of the moving 
platform in order to provide damping to reduce cargo pendulation, where at least 
one of the following relationships exists: 

A) a position of the boom tip is measured relative a moving platform fixed 
coordinate system (x", y", z"); 

B) a moving platform fixed position of the boom tip is transformed into an 
inertial coordinate system (x, y, z) using a series of roll (^9^011) 2«id pitch (%nch) 
rotation matrices, and a vector describing a moving platform sway x, surge u, and 
heave h motions; 

C) a reference inertial motion of the boom tip X^f and Y^f in the inertial 
coordinate system is calculated by adding a correction to operator inertial 
commands Xp and yp according to a delayed feedback control algorithm; 

D) the operator inertial commands isolate platform motion and a delayed- 
position feedback correction produces damping of the payload pendulations; 

E) a reference luff p and slew a angles are calculated using the inertial 
platform motion to generate an inertial reference position of the boom tip x„f and 
y^f and isolate motion of the platform from reaching the boom tip; 

F) the reference luff and slew angles are platform motion isolators; and 



G) the boom tip is the suspension point of the payload hoist Une. 

Claim 26 (new). A method of reducing pendulations of cargo hoisted by cranes 
mounted on moving platforms, comprising the steps of: 

calculating an operator-input position of a boom tip of the crane; 

determining a relative motion of the cargo suspended from a hoisting cable 
of the crane with respect to a suspension point of the hoisting cable of the crane; 

providing in-plane and out-of-plane delays and gains based on the relative 
motion of the cargo; 

calculating a correction to a motion commanded by the operator in an 
inertial frame based on the in-plane and the out-of-plane delays and gains; 

calculating reference angles for a boom of the crane based on a correction 
to the operator desired position of the boom tip and a motion of the moving 
platform in order to provide damping to reduce cargo pendulation, where at least 
one of the following relationships exists, wherein the step of calculating the 
operator desired position of the boom tip of the crane includes includes integrating 
operator-input rates of the boom to obtain time histories of slew and luff angles, 
and providing motion histories of the boom tip of the crane based on the time 
histories of the slew and luff angles, and 

where at least one of the following relationships exists: 

A) operator commands of the luff P and slew a angles are converted into 
the inertial Xp and yp coordinates; and 

B) reference luff P and slew a angles are obtained by replacing inertial 
operator commands Xp and yp with corrected operator commands x^f and y^f, and 
using inverse kinematics to calculate reference luff and slew angles. 

Claim 27 (new). The method of claim 26 further comprising tracking or following 
a desired motion of the boom tip based on the step of calculating the reference 
slew angle and the reference luff angle. 

Claims 28 (new). A method of reducing pendulations of cargo hoisted by cranes 
mounted on moving platforms, comprising the steps of: 
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calculating an operator-input position of a boom tip of the crane; 

determining a relative motion of the cargo suspended from a hoisting cable 
of the crane with respect to a suspension point of the hoisting cable of the crane; 

providing in-plane and out-of-plane delays and gains based on the relative 
motion of the cargo; 

calculating a correction to a motion commanded by the operator in an 
inertial frame based on the in-plane and the out-of-plane delays and gains; 

calculating reference angles for a boom of the crane based on a correction 
to the operator desired position of the boom tip and a motion of the moving 
platform in order to provide damping to reduce cargo pendulation, 

wherein the motion of the platform is a moving vehicle and wherein the 
motion of the platform relative to the inertial coordinate system (x, y, z) is 
measured using, but not limited to tilt sensors and accelerometers. 

Claim 29 (new). A control system for reducing pendulation of cargo hoisted by 
cranes mounted on moving platforms, comprising: 

means for calculating an operator-input position of a boom tip of the crane; 

means for determining a relative motion of the cargo suspended from the 
hoisting cable of the crane with respect to the boom tip of the crane; 

means for providing in-plane and out-of-plane delays and gains based on 
the relative motion of the cargo; 

means for calculating a correction to a motion commanded by the operator 
in an inertial frame based on the in-plane and out-of-plane delays and gains; and 

means for calculating reference angles of the boom of the crane based on 
the correction, the operator-input position of the boom tip, and the motion of the 
moving platform in order to compensate and reduce cargo pendulation, and 
wherein at least one of the following relationships exists: 

A) operator luff P and slew a commands are converted into inertial Xp and 
yp coordinates to isolate a payload from platform motion; 

B) reference luff P and slew a commands are calculated using corrected 
operator inertial commands x„f and y^ef and the motion of the platform using 
inverse kinematics; 
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C) wherein reference luff P and slew a commands are platform motion 
isolators and payload pendulation dampers; 

D) where a suspension point of a payload hoist line can be moved using 
any of a boom tip in rotary boom cranes, a trolley in gantry and quayside container 
cranes, and a trolley sliding on a rotating jip in rotary jip cranes; 

E) for land based cranes, the motion of the moving platform is set equal to 

zero; 

F) the motion of the payload can be measured relative to the crane 
structure using incremental encoders; 

G) the motion of the moving platform can be measured using tilt sensors; 

H) the corrected operator commands x^gf and y^ef are platform motion 
isolators and inertial commands depend only on reference luff and slew 
commands; and 

I) lufFp and slew a commands are calculated using inverse kinematics 
from corrected operator commands x^^f and yref to isolate moving platform motion. 

s 

Claim 30 (new). A control system to significantly reduce in-plane and out-of-plane 
payload pendulations on platform-mounted cranes executing desired maneuvers, 
wherein the pendulations are induced by the operator input, the platform motion, 
and extemal disturbances, wherein the crane is mounted on a moving platform, 
wherein the crane comprises a boom having a boom tip, a hoisting cable attached 
to the boom tip, and a payload suspended from the hoisting cable, wherein the 
crane system comprises: 

a set of motion sensors, indicative of the platform motion relative to an inertial 
frame; 

A) a motion compensator, responsive to the platform motion, generating 
commands to isolate the payload from the platform motion and maintain the 
payload in a defined configuration relative to the inertial frame 

B) a set of payload sensors, indicative of the current payload configuration 

and 

C) a time-delayed feedback control algorithm to damp payload 
pendulations. 
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Claim 31 (new). A control system to significantly reduce in-plane and out-of-plane 
payload pendulations on platform-mounted cranes executing desired maneuvers, 
wherein the pendulations are induced by the operator input, the platform motion, 
and external disturbances, wherein the crane is mounted on a moving platform, 
wherein the crane comprises a boom having a boom tip, a hoisting cable attached 
to the boom tip, and a payload suspended firom the hoisting cable, wherein the 
crane system comprises: 

A) a set of platform sensors, indicative of the platform relative to an 
inertial firame and 

B) a motion compensator, responsive to the platform motion, generating 
commands to maintain the payload in a defined configuration relative to the 
inertial frame. 

Claim 32 (new). The control system of claim 31, wherein the motion compensator 
is adapted to maintain the payload in the defined payload configuration relative to 
the inertial frame; and 

wherein the motion compensator comprises an inverse kinematics solver to 
determine a manipulator configuration to drive the payload to the desired 
configuration with significantly reduced pendulations. 

Claim 33 (new). The control system of claim 31, wherein an example of the 
motion compensator comprises: 

transforming the positions of the boom tip and hence the payload from the 
platform-fixed coordinate system (x", y", z"), into the coordinates andj;^ in the 
inertial coordinate system (x, y, z) using a series of roll (p^n and pitch q>p^^^^ 
rotations matrices and a vector describing the ship sway w, surge w, and heave h 
motions; 

converting the operator commanded luff fi^ and slew angles into the 

desired and coordinates in the inertial frame; 

replacing x^ dsAy^ with andy, in the transformation; and 

using inverse kinematics to solve for the required the luff and slew angles 

to maintain the boom tip stationary in the inertial frame. 
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Claim 34 (new). A control system to significantly reduce in-plane and out-of-plane 
payload pendulations on platform-mounted cranes executing desired maneuvers, 
wherein the pendulations are induced by the operator input, the platform motion, 
and external disturbances, wherein the crane is mounted on a moving platform, 
wherein the crane comprises a boom having a boom tip, a hoisting cable attached 
to the boom, and a payload suspended from the hoisting cable, wherein the crane 
system comprises: 

A) a sensor system, comprising: 

a platform sensor subsystem, indicative of the platform motion 
relative to an inertial frame; and 

a payload sensor subsystem, indicative of the current configuration 
of the payload; and 

B) a control computer, generating commands to drive the crane actuators 
payload to the desired configuration in response to the sensor system, wherein the 
control computer is adapted to maintain the payload in the desired configuration 
relative to the inertial frame with significantly reduced pendulations, the control 
computer comprising: 

a motion compensator, responsive to the platform motion sensors 
and the desired payload configuration, generating commands to maintain the 
payload in the desired configuration relative to the inertial frame; and 

a time-delayed algorithm to generate delayed-position feedback 
correction that produces damping of the payload pendulations. 

Claim 35 (new). A control system to significantly reduce in-plane and out-of- 
plane payload pendulations on platform-mounted cranes executing desired 
maneuvers, wherein the pendulations are induced by the operator input, the 
platform motion, and extemal disturbances, wherein the crane is mounted on a 
moving platform, wherein the crane comprises a boom having a boom tip, a 
hoisting cable attached to the boom tip, and a payload suspended from the hoisting 
cable, wherein the crane system comprises: 

determining the platform configuration, indicative of the motion of the 
platform relative to an inertial frame; 



9 



determining the current configuration of the payload; 

generating compensated command to maintain the payload in the desired 
payload configuration relative to the inertial firame, responsive to the platform 
motion and the desired payload configuration; 

generating delayed-position feedback correction that produces damping of 
the payload pendulations; and 

generating crane commands firom compensated conmiands and delayed- 
position signals. 

Claim 36 (new). The control system of claim 30, wherein the suspension point of 
the payload hoist line can be moved using: 

a boom tip in rotary boom cranes; 

a trolley in gantry and quayside container cranes; and 

a trolley sUding on a rotating jip in rotary jip cranes. 

Claim 37 (new). The control system of claim 30, wherein the crane includes land- 
based rotary boom cranes, rotary jip cranes, gantry cranes, and quayside container 
cranes, and wherein for land-based cranes, the motion of the moving platform is 
set equal to zero for stationary platforms. 



